Abstract: Objective A calcium-activated chloride current (I Cl(Ca) ) has been observed in medium-sized sensory neurons of the dorsal root ganglion (DRG). Axotomy of the sciatic nerve induces a similar current in the majority of medium and large diameter neurons. Our aim is to identify the molecule(s) underlying this current. Methods Using conventional and quantitative RT-PCR, we examined the expression in DRG of members of three families of genes, which have been shown to have I Cl(Ca) current inducing properties. Results We showed the detection of transcripts representing several members of these families, i.e. chloride channel calciumactivated (CLCA), Bestrophin and Tweety gene families in adult DRG, in the normal state and 3 d after sciatic nerve section, a model for peripheral nerve injury. Conclusion Our analysis revealed that that mBest1 and Tweety2 appear as the best candidates to play a role in the injury-induced I Cl(Ca) in DRG neurons.
Introduction
Sensory neurons of the dorsal root ganglia (DRG) convey information concerning the sensations of touch, temperature, muscle contraction, limb position and painful stimuli to the spinal cord. These neurons express many types of ion channels, some of which have been shown to be responsible for the specific functional properties of particular neuronal sub-types responsible for defined sensory modalities. We recently reported the induction of a calcium-activated chloride current (I Cl(Ca) ) in a discrete population of sensory neurons of the dorsal root ganglion [1] .
Axotomy of the sciatic nerve led to the massive induction of I Cl(Ca) in the vast majority of neurons of medium and large cell body diameter, generally thought to be low-threshold skin and muscle innervating neurons conveying touch and proprioceptive information. At present, neither the functional relevance of this current in normal or injury-related processes nor its molecular nature is known. In the absence of specific pharmacological modulators, the identification of the ion channel(s) underlying this current is an important first step necessary for the development of tools designed to study this phenomenon. Members of three families of proteins have been shown to induce I Cl(Ca) when expressed in heterologous cellular systems: calcium-activated chloride channels (CLCAs), bestrophins and members of the tweety gene family (for reviews see [4, [7] [8] [9] 16] ). In order to assess these molecules as candidates underlying sensory neuron I Cl(Ca) we analyzed expression of members of the 3 families by RT-PCR on normal and axotomized DRGs.
Materials and methods

Bioinformatic analysis
The CLCA family. Mouse homologues of the human CLCA genes were found using the National Library of Medicine BLAST program [http:// www.Genbank.nlm.nih.gov/BLAST/]. DNA and protein alignments were carried out using the Needleman-Wunch program at EMBM-EBI. Clustal analysis [10] was carried out using the program available at [http://www.ebi.ac.uk/ clustalw/]. In a recent publication [22] , compared the No PCR products were generated from this material. The restriction enzyme EcoRI was used to cut the mClca2 into two fragments of approximately the same size to distinguish it from mClca1. 2.5 Quantitative RT-PCR Collection of lumbar DRG was carried out as described above. Total RNA extractions from adult and adult post-sciatic nerve section were performed in TriReagent solution (Sigma) and DNase treated with RQ1 DNase (Promega) according to manufacturer's instructions. Real time PCR was performed as previously described [19] . Briefly, 1 μg of total RNA was reverse-transcribed and real time PCR was performed by using SYBR Green I dye detection on the LightCycler system (Roche Molecular Biochemicals) in a 10 μL volume containing 3 μL of RT product (dilution 1/30), 0.5 μmol/L of forward and reverse primers, and 5 μL of QuantiTect SYBR Green PCR Master Mix (Qiagen). Negative controls using water instead of template and/or RNA non-reverse-transcribed were performed simultaneously. After an initial activation step of 15 min at 95 °C, 45 cycles consisting of 94 °C for 15 s, 55 °C for 20 s and 72 °C for 35 s were performed. The identity of RT-PCR amplified products was confirmed by sequencing (Genome express, France) and routinely by finishing PCR runs with a melting curve analysis (70 °C to 95 °C at 0.2 °C increments) allowing us to check the melting behaviour of amplicons.
The relative amounts of specifically amplified cDNAs were calculated using the delta-CT method [25, 12] on three independent experimental replicates. Raw quantities were subsequently normalised by dividing with a proper normalisation factor representing the geometric mean of two stable control genes [polymerase (RNA) II polypeptide J (Polr2j) and DEAD box polypeptide 48 (Ddx48)]. The Mann Whitney U-test was used for comparison between groups. P < 0.05 was considered statistically significant.
Results
ClCA family expression in adult DRG
By comparing human and mouse genomic and cDNA sequences [22] 8 loci identified in the mouse contains sequences similar to the 4 human CLCA cDNAs previously identified. These 8 mouse genes are located in a cluster on chromosome 3. We designed oligonucleotide primers to specifically amplify each of these sequences, except for mClca1 [GENBANK: NM_009899] and mClca2 [GENBANK: NM_030601] whose sequences are so similar that specific PCR primers could not be designed. PCR was carried out on cDNA generated from adult mouse DRG tissue. The results are shown in Fig. 1A . It can be observed that mClca1/2 and mClca5 are expressed in the DRG. For the other members of the CLCA family, transcripts were detected in tissues other than the DRG, except for the case of mClca8 which has only been identified as a putative transcript and is probably a pseudogene. It can be noted that our results show the first demonstration of the expression of mClca7, a member of the family that has not yet been studied in any detail. mClca1 and mClca2 can be distinguished by digestion of the PCR product with the restriction enzyme EcoRI [15] . In the adult mouse DRG, both transcripts were expressed, however the band representing mClca1 was more intense (Fig. 1B) .
Bestrophin family expression in adult DRG
Bestrophins are also called VMDs because mutations in the human vitelliform macular dystrophy type 2 (VMD2) gene are known to cause autosomal dominant Best macular dystrophy (BMD), a degenerative disorder of the central retina. The four human VMD-like proteins are thought to encode a novel family of anion channels. The mouse bestrophin gene family contains 4 members scattered throughout the genome, one of which, mBest3 or mVMD2l2, appears to be a non-transcribed pseudogene [14] . Using specific primer pairs we could detect expression of mBest1 [GENBANK: NM_011913] and mBest 4 [GENBANK:
NM_001007583] in adult mouse DRG (Fig. 1C) . For mBest2
[GENBANK: NM_145388] no expression was observed in the DRG, however a band was detected in cecum cDNA thus validating the primers (data not shown).
Tweety family expression in adult DRG
Three genes homologous to the Drosophila Tweety gene have been iden-tified in the human genome [23] . Highly-conserved (Fig. 1D) . Thus, members of all three candidate gene families are expressed in the adult mouse DRG. DRGs. This time-point corresponds with the increased expression of ICl(Ca) in axotomized DRG neurons [1] . The results, shown in Fig. 2 , demonstrate that axotomy did not change the expression levels of mClca1/2, Tthy2 or Tthy3. However, of mClca5 and Tthy1 was observed. We could not generate reliable results for mBest1 or mBest4. The reason may be that expression levels are very low or that the gene is expressed in very discrete sub-populations of cells.
Quantitative RT-PCR analysis of expression in
Discussion
We have previously shown that a population of DRG neurons express ICl(Ca) current and that this proportion is augmented after sciatic nerve axotomy [1] in particular in medium and large diameter neurons and that this current may play a role in the excitability of axotomized sensory neurons. We have also shown an important role of calcium homeostasis in DRG neurons excitability [11] , thus the regulation of chloride and calcium ionic movement is likely to be interlinked and of importance for the understanding of the response of somatosensory neurons to injury.
Experiments during the past two decades have established the existence of at least five distinct families of Cl channels: the ClCs, the aminobutyric acid and glycine receptors, the CLCAs, the Bestrophins, and the Tweety proteins [13, 23] . Of them, members of three families: CLCAs, Bestrophins and the Tweety proteins have been suggested to be calcium-activated chloride channels. To quantify mRNA of candidate genes, we used real time PCR as it is now recognised as the most sensitive and consistent method to study relative gene expression. Moreover to encompass the fact that there is no ideal housekeeping gene to normalise expression levels especially after axotomy which induce major transcriptional modifications, we took advantage of the normalisation method which allows an accurate normalisation of data by using multiple internal control genes [25] . Our analysis by RT-PCR shows the expression of members of all three families in normal and axotomized DRGs. Quantititative RT-PCR analysis did not reveal any augmentation in the expression of these genes after axotomy. Analysis of the structure of the mouse CLCAs by protein domain prediction programmes suggests that all these proteins harbour a von Willebrand A-like domain and possibly fibronectin domains [6, 26] . While several studies of CLCAs expressed in heterologous expression systems suggested that they display chloride channels properties [5] , more recent studies have cast doubt on this idea. In particular, it has been shown that all CLCAs studied so far are secreted, a behaviour incompatible with ion channel functions [6, 20] . In the light of these new arguments, the implication of CLCAs in the I Cl(Ca) observed in sensory neurons should be reconsidered [7] .
The Bestrophin and Tweety proteins can thus be considered as more promising candidates to underlie sensory neuron I Cl(Ca) . Firstly, in the case of Bestrophins, membrane topology studies showed that Bestrophin1 is localized in the basolateral membrane of the retinal pigmented epithelium [17] . Secondly, the mutation in hBest1 responsible for the disease vitelliform macular dystrophy impairs its calcium-activated chloride channel function [27] . In addition, suppression of the native Drosophila orthologues of Bestrophin molecules eliminated endogenous Ca 2+ -activated chloride currents [3] . Our expression results suggest that if Bestrophins are the molecules responsible for I Cl(Ca) in DRG neurons, then mBest1 and mBest4, as the only members expressed, are likely candidates.
Similarly, there is evidence suggesting that Tweety family members are calcium-activated chloride channels [23] . Expression of hTTYH3 in CHO cells generated a unique Clcurrent activated by an increase in the intracellular Ca 2+ concentration. Overexpression of Tthy1 shows that it is a membrane protein [18] . Using constructs for overexpression of Httyh-1, -2 and-3 in CHO and HEK cell lines [23, 24] , Suzuki et al. suggested that hTTYH1 activation is calcium-independent but that of hTTYH2 and hTTHY3 are strongly calcium-dependent. If the mouse orthologues of these proteins retain the same properties, mTtyh2 and mTtyh3 would be reasonable candidates to underlie Ca 2+ -activated chloride currents in DRG neurons.
Since the I Cl(Ca) current in cultured DRG neurons is markedly enhanced by a prior conditioning lesion of the sciatic nerve [1] we tested by quantitative RT-PCR if this induction is reflected in the expression levels of our candidate genes. The expression of the CLCA and Tweety candidate genes remained constant or in the case of mClca5 and Tthy1 decreased under these conditions, suggesting either that members of these families do not play a role in this current, or that post-transcriptional changes in existing proteins (e.g. membrane targeting, activation by other proteins) underlie the current. In fact, we have observed very rapid induction of I Cl(Ca) current in non-axotomized DRG neurons in certain conditions (F.S, unpublished results), thus lending some credence to the latter hypothesis. For the reasons mentioned above, mCLCAs and Tthy1 are unlikely to be involved in I Cl(Ca) induction in DRG neurons leaving the remaining Tweety proteins and two Bestrophins as possible mediators.
In conclusion, members of the CLCA, Bestrophin and Tweety families of proteins are expressed in the mouse DRG; however their implications in the I Cl(Ca) remains to be clarified. Future work, using single cell PCR and siRNA mediated inhibition will concentrate on the most likely candidates revealed by this analysis, i.e. mBest1, mBest4, Tweety2 and Tweety3.
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